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Gentlemen: 

I. INTRODUCTION 

Metal carbides  a r e  the  most r e f r ac to ry  of a l l  known 
Their use f o r  high materials and a l s o  exh ib i t  high s t rength .  

temperature appl ica t ions  has been l i m i t e d  by t h e i r  suscept i -  
b i l i t y  t o  thermal shock and a l s o  by d i f f i c u l t i e s  i n  the machin- 
ing of d e s i r e d  configurat ions.  However, the  incorporat ion of 
graphi te  t o  form a s e r i e s  of metal  carbide-graphi te  composites 
has yielded dense, well-bonded m a t e r i a l s  which minimize the 
undesirable  proper t ies  of pure  carbides  while explo i t ing  t h e i r  
high s t rength .  

1 Our e a r l i e r  work has dea l t  with the  f ab r i ca t ion  and 
cha rac t e r i za t ion  of a w i d e  va r i e ty  of metal carbide-graphi te  
composites with p a r t i c u l a r  emphasis on the  NbC-C and TaC-C 
systems. The materials were hot-pressed a t  temperatures of 
2600" t o  3250°C using no binder .  Solid and/or l i q u i d  s t a t e  
s i n t e r i n g  under pressure a t  these high temperatures i s  the  mech- 
anism by which the  raw powder mixture i s  consol idated i n t o  a 



a dense two-phase body. An extensive study has been conducted 
of various compo 
e ra tu re  and temperatures up t o  2800°C. These data have pro- 
vided a broad p ic ture  of behavior i n  the  var ious s y s t e m s  and 
the  property t rends which may be expected as a funct ion of 
carbide content  i n  any pa r t i cu la r  system. I n  general ,  the  NbC-C 
and TaC-C syst3ms were found t o  exh ib i t  superior  s t r u c t u r a l  
i n t e g r i t y  a t  high temperatures, 

- t ions and t h e i r  p roper t ies  a t  both room temp- 

The purpose of t h i s  year ' s  work i s  t o  bu i ld  on the 
broad base of information which has been establ ished and t o  
obta in  a b e t t e r  i n s igh t  i n to  con t ro l  of proper t ies .  The s tud ie s  
t o  da te  have shown how t h i s  may be done by raw mater ia l  choice,  
e .g . ,  incorpmat ing  carbons which have d i f f e r e n t  processing 
h i s t o r i e s ,  p a r t i c l e  morphology, and p u r i t y  l eve l s .  Less aniso-  
t ropy and g rea t e r  creep r e s i s t ance  are  two of the  proper t ies  
being developed f o r  the  NbC-C composites. The s p e c i f i c  s tud ie s  
which a r e  being conducted a re  a s  follows: 

1. Carbon Source - Variations i n  carbon source which con- 
t r a s t  with the  needle coke used  i n  e a r l i e r  s tud ies  a r e  being 
eva lua t e d , 

2.  P a r t i c l e  Size and Shape - These parameters a r e  being 
va r i ed  so  as t o  obta in  d i f f e ren t  s i z e  re la t ionships  between 
the  graphi te  and carbide phases, i n  an attempt t o  con t ro l  com- 
p o s i t e  proper t ies .  

w i l l  be incorporated i n  the TaC-C system t o  obta in  l i q u i f i c a t i o n  
a t  temperatures lower than the 3450°C e u t e c t i c  temperature. 
This  w i l l  permit explo i ta t ion  of the  dens i f i ca t ion  and improved 
bonding obtainable  i n  l iqu id  phase s i n t e r i n g  a t  processing 
temperatures of 3200°C o r  l o w e r ,  

3 .  Use of S in te r ing  Aids - S m a l l  amounts of add i t ives  
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, 

4 .  Propert ies  Evaluation - The e f f e c t s  of the above men- 
tioned var iables  upon physical and mechanical proper t ies  of 
composites i n  both g ra in  direct ions a r e  being determined, P a r t i -  
cu l a r  a t t e n t i o n  i s  being paid t o  creep behavior of these mate- 
r i a l s  a t  temperatures of 2500°C and higher,  
made t o  develop proper t ies  conducive t o  good thermal shock 
r e s i s t ance ,  i q e o ,  increased s t r eng th  and thermal conduct ivi ty ,  
and decreased e l a s t i c  modulus and coe f f i c i en t  of expansion- 

Attempts w i l l  be 

During t h i s  period, study of the e f f e c t s  of using d i f -  
f e r e n t  carbon sources f o r  NbC-C composites has been continued. 
High temperature f l e x u r a l  s t rength,  f l e x u r a l  creep, and thermal 
expansion up t o  2550°C have been determined f o r  the various 
mater ia ls  

I1 DISCUSSION 

In  previous work' the source f o r  the graphi te  phase 
i n  our metal carbide-graphite composites has been calcined pet-  
roleum coke (CPC), This mater ia l  cons i s t s  of needle-like p a r t i -  
c l e s  which a r e  of 3 . 1 ~  p a r t i c l e  s i z e .  
present ly  being conducted involve incorporation in to  NbC-C @om- 
pos i t e s  of other  carbon powders of d i f f e r i n g  norphology and 
processing h i s t o r i e s  i n  an attempt t o  con t ro l  propert ies  such 
a s  s t rength ,  degree of anisotropy and high temperature behavior,  
The powders which have been evaluated include graphftes,  cokes 
and carbon blacks.  Two of the carbons were obtained from the 
CMB-6 Section of LASL. 
received considerable study by CMB-6, and have been included 
f o r  comparative t e s t s ,  Other carbons such a s  Gflsoni te  coke 
and Thermax were chosen t o  obtain more i s o t r o p i c  proper t ies ,  
s i n c e  t h e i r  p a r t i c l e s  can be considered "spherical" a s  opposed 
t o  t he  needle coke (CPC)'or p l a ty  Ceylon graphi te  which have 
been shown t o  increase anisotropic  behavior 

The s tud ie s  which a r e  

Both M-2 graphi te  f l o u r  and Varcum have 
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I n  addi t ion  NbC powders of d i f f e r e n t  morphology have 
a l s o  been evaluated. 
s imi la r  f o r  the various composites, high temperature measurements 
reveal  s ign i f i can t  differences i n  behavior, The r e s u l t s  a r e  
described i n  the  following sect ions 

A .  Raw Mater ia ls  

1, Carbon Sources 

Although room temperature data were qu i t e  

Eight carbons have been considered i n  t h i s  s tudy,  
Six of these which have been described more f u l l y  i n  the  l a s t  
repor t  a r e  : 2 

1. 

2, 

3 .  

4 .  

5.  

6. 

Varcum (V) - A p;lassy r e s i n  coke prepared by the  CMB-6 
Sect ion a t  Los Alamos S c i e n t i f i c  Laboratory (LASL). 
P a r t i c l e  s i z e  range - 44 t o  10011, 
M-2 (M2) - A graphi te  f l o u r ,  a l s o  from CMB-6:LASL. 
P a r t i c l e  s i z e  range - 44 t o  1 O O p .  

3 

3 

Calcined petroleum coke (CPC) - A needle coke with 
average p a r t i c l e  s i z e  of 3,111. 
Ceylon graphi te  (Cy) - A f i n e  n a t u r a l  graphi te ,  1 t o  
511 - 
Gilsoni te  (G) - A somewhat harder coke than CPC. 
Used i n  a p a r t i c l e  s i z e  of l e s s  than 7411, 
Thermax (Th) - A f i n e  carbon black wi th  average p a r t i -  
c le  s i z e  of about 0 , 4 u ,  

Two addi t iona l  carbons have a l s o  been incorporated 
i n t o  NbC-C composites f o r  evaluat ion,  These a r e :  

1, Ste r l ing  10R (SlOR) - A very f i n e  carbon black with 
p a r t i c l e  diameter of less than 0 , l p .  Obtained from 
Cabot Corporation, 
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2 .  High expansion graphi te  (Hex) - A high thermal expansion 
i so t rop ic  graphi te  powder of less than 4411, This mate- 
r i a l  was milled from rod  stock by TJnion Carbide a t  
Lawrenceburg, Tennessee 

The S te r l ing  10R carbon black was chosen f o r  study s ince  i t  
c lose ly  resembles lampblack, Lampblack-base graphi te  has been 
reported t o  exhib i t  much l e s s  creep than a coke-base graphi te  
such a s  ATJ (Union Carbide) under the  same stress-temperature 
condi t ions,  The high expansion graphi te  i s  a development of 
Union Carbide and i s  produced from a high thermal expansion iso-  
t rop ic  airblown coke, 

4 

Metallographic examination of these powders appear i n  
Fig.  1. The high expansion graphi te  (Hex) i s  s imi la r  i n  appear- 
ance t o  M-2 graphi te ,  and i s  not needle-like o r  p l a ty  a s  a r e  
CPC o r  Ceylon graphite., The extremely f i n e  p a r t i c l e  s i z e  of 
SlOR i s  evident from the 1000 magnification photomicrograph, 

2 0 NbC Powders 

A very f i n e  N b C  powder was supplied by N-1:LASL f o r  
evaluat ion,  This mater ia l ,  which w i l l  be re fer red  t o  a s  Blend 
Nb-2, has an average p a r t i c l e  s i z e  of 0 ,157 '~ a s  calculated from 
surface area (BET) measurements, A s  seen i n  the metallographic 
photographs i n  Figo 2 ,  B l e n d  Nb-2 i s  much f i n e r  than the  Wah 
Chang (SP26713C) mater ia l  Under higher magnification (lOOOX, 
Fig ,  2e) t he  powder appears t o  be aggregates of the f i n e s ,  I 

corresponding t o  "Type C" as  defined by Riley,  5 

NbC-30B obtained from LASL i s  qu i t e  s imi la r  i n  p a r t i -  
cle s i z e  and shape t o  the Wah Chang NbC.  
former w a s  included i n  the  most recent  r epor t ,  

Photomicrograph of the 
2 
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H 
5or-I 

High 
Expansion 
Graphi te  
(Union 
Carbide) 

I 

Neg. 34054 Mag. X320 

(b) S t e r l i n g  
10R 
(Carbon- 
b l ack  
Cabot) 

Neg. 34059 Mag. X l O O O  

F i g .  1 - PARTICLE SIZE AND SHAPE OF CARBON POWDERS 
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Neg. 34046 Mag. X320 

( a )  SP26713C 
(Wah C h a n g )  

(b) B l e n d  Nb-2 
W S L )  

Neg. 34048 Mag. X320 

( c )  Blend Nb-2 
W S L )  

Neg. 34060 Mag. XlOOO 
Fig .  2 - PARTICLE SIZE AND SHAPE OF NbC POWDERS 
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B .  Processing 

The mixtures o f  NbC and C were blended i n  the  usual 
manner of tunbltng f o r  16 hr with  rzbber stoppers.  
were then loaded i n t o  the  graphi te  d ies  f o r  hot pressing.  The 
Ceylon graphi te  mixture was extremely f l u f f y  and required p r i o r  
cold pressing a t  10,000 p s i  i n  a s t e e l  d i e  i n  order  t o  y i e l d  a 
blend which would f i t  i n t o  the mold ca-\-Tity. 

Xixtures 

The very f i n e  p a r t i c l e  s i z e  of S te r l ing  10R and the  
r e su l t i ng  high volume of mater ia l  a l s o  necessi ta ted spec ia l  
handling. 
a lcohol  and then dr ied i n  o r d e r  t o  obtain improved mixing with- 
out  excessive aggregation. The mixture was then cold-pressed 
a t  10,000 p s i  and hot pressed. However, operat ional  problems 
forced a stoppage a t  30OO0C, so  the b i l l e t  (77.9% densi ty)  
was crushed and the resu l t ing  powder blend was taken through 
the  hot press  cycle  again.  Thus, the S te r l ing  10R composite 
a c t u a l l y  can be termed a "double pressing." 

The SlOR-NbC blend w a s  f i r s t  immersed i n  methyl 

During hot pressing the time-temperature-pressure 
cyc le  was maintained a constant f o r  the composites. The t i m e  
required t o  a t t a i n  the pressing temperature of 3150°C was approxi- 
mately 1 , 5  h r .  Each composite was soaked a t  t h i s  temperature 
f o r  approximately 15 min under 3000 p s i ,  

C .  Evaluation 

1. Compositional Designation 

In order  t o  f a c i l i t a t e  simpler reference t o  the  d i f -  
f e r e n t  compositions, the following abbreviat ions w i l l  be used 
i n  t h i s  repor t  f o r  the composites l i s t e d  i n  Table I: 
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Designation 

46 5NbC-1V 
46 5EbC-ii.i2 
46,5NbC-lCPC 
46.5NbC-1Th 
4 6 ,  5NbC-ICY 
46,5NbC-l@ 
46,5NbC-lSlOR 
46 e 5NbC-2Hex 
46 ., 5Xb6-3CPC 

Abbreviation 

v 
ZCPC 
Th 
CY e 
S l O R  
?Hex 
3CPC 

1 #,-i 
PlL 

2, Fabrica t ion 

A f ab r i ca t ion  summary f o r  the var ious composites i s  
tabulated i n  Table 1, A l l  esmposites were designed a s  75 w t %  
o r  46,5 vol% NbC compositions. 
l i t t l e  change i n  carbide content occurred f o r  the various com- 
pos i t e s  i n  processing. The extent  of dens i f ica t ion  was s imi la r  
f o r  the b i l l e t s ,  ranging from 94,3% f o r  S l O R  t o  9'7.4% f o r  the 
CPC body, Although some va r i a t ion  i n  carbide content and X 
eheoreeical  densi ty  was evident i n  any p a r t i c u l a r  composite, 
the ranges were qu i t e  l i m i t e d  and the values presented i n  
Table I can be considered representat ive,  

3 ,  Microstrue t u r e  

A s  the  metal analysis  shows, 

The microstructure of the  more recent ly  fabr icated 
composites, i . e o g  SlOR, 2Hex, and 3CPC, are  shown f o r  both g ra in  
Orientat ions i n  Pigs .  3 through 5 ,  Despite the  gross difference 
i n  p a r t i c l e  s i z e  between the S te r l ing  10R blaek ( l e s s  than 0,lw) 
and NbC Q3,61_1) ~ the  resu l t ing  composite exhib i t s  a f a i r l y  uniform 
dispers ion of carbide i n  the graphi te  matrix (Pig, 3)  with l i t t l e  
poros i ty ,  
carbide grains  from the pressing,  
o the r  composites i n  which d i r ec t iona l i t y  f o r  the  carbide grains  
was evident t o  varying extents ,  even f o r  the composite incorpora- 
t i n g  Thermax carbon black,  
S t e r l i n g  l0R carbon black may a e t  almost like a f l u i d  and give 

I n  addi t ion  there  is very l i t t l e  o r i en ta t ion  of 
This i s  i n  cont ras t  t o  the 

It is possfble  t h a t  the very f i n e  
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(a) S a m p l e  6C-T  
(WIG) 

N e g .  34618 Mag. x200 

(b) S a m p l e  2 B - L  
( A m  

Neg. 34617 Mag. x200 
Etchant: 
K3Fe2  (CN) 6-NaOH 

F ig .  3 - MICROSTRUCTURE OF NbC-C COMPOSITE 
INCORPORATING STERLING 1 0 R  CARBON BLACK 
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(a) S a m p l e  3 C - T  
(WIG) 

Reg. 34619 Mag. x200 

(b) S a m p l e  3B-L 
( A m  

Neg. 34620 Mag. x200 
Etchant: 
K3Fe2 (CN) 6-NaOH 

F i g .  4 - MICROSTRUCTURE OF NbC-C COMPOSITE 
INCORPORATING H I G H  EXPANSION GRAPHITE 
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(a) S a m p l e  3 C - T  
( W I G )  

N e g .  34621 Mag. x200 

(b) S a m p l e  
( A m  

Etchant: 

2A -L 

N e g .  34622 Mag. x200 K3Fe2 (CN) 6-NaOH 

F i g .  5 - MICROSTRUCTURE OF NDC-C COMPOSITE 
INCORPORATING FINE ~ b c  (BLEND ~ b - 2 )  
AND CALCINED PETROLEUM COKE 
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rise to a limited isostatic condition in the biaxial hot- 
pressing, 

The microstructure of 2Hex is similar in uniformity 
of dispersion although carbide grain orientation in the W/G 

direction is evident (Fig. 4 ) -  The 3CPC composite (Fig. 5) 
exhibits strong directionality, similar to that for Cy or 1CPC.  
Mixing was poor as evidenced by aggregation of the fice carbide. 
It may be necessary to pre-dry this very fine Blend Nb-2 or 
use special mixing methods to get good dispersion, 

4 ,  Room Temperature Measurements: 
Flexural Strength and Moduli 

A s  detailed in Table 11, the W/G flexural strengths of 
the recently prepared composites (SlOR, 2Hex, and 3CPC)  were 
similar to those observed previously for the other 46.5  vol% 
NbC composites. The range which has been disclosed is about 
14,000 to 19,000 psi. 
of 4080 psi was exhibited by the 3CPC composite. A s  shown by 
its other properties, the 3CPC body was extremely anisotropic 
and topped the l C P C  body in directional behavior. This was 
somewhat surprising in that the use of a finer carbide was 
thought to be a method of realizing finer dispersion and less 
directionality, The strong directionality exhibited by the 3CPC 
composite may be due to a stronger orientation of the carbide 
phase. 
the load during hot pressing than a coarser carbide, resulting 
in pronounced alignment of carbide, 
bridging effect of carbide in the A/G direction, 

In the A / G  direction, a very low strength 

The finer carbide particles may be more sensitive to 

This would minimize any 

The condition here differs from the isostatic effect 
suggested for Sterling 10R carbon black in that the carbide 
particles are forced into a horizontal distribution by the coarser 
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needle shape of the CPC. 
would not be a tendency f o r  such alignment t o  occur; furthermore, 
the coarser  carbide phase i s  i r r egu la r  i n  p a r t i c l e  shape and 
not a s  suscept ible  t o  s t rong alignment, 

I n  the  case of the spher ica l  SlOR,  there  

The f l exura l  moduli values (Table 11) were a l s o  qu i t e  
s imi la r  ( 8 . 4  t o  12.0 x 10 psi)  t o  those observed f o r  the other  
composites ( 8 . 6  t o  1 2 . 1  x 1 0  6 p s i ) .  The 3CPC coxiposite again 
exhibi ted high anisotropy; the W/G value was q u i t e  s imi la r  t o  
t h a t  f o r  l C P C  (12 .1  vs 12.0 x 10 6 ps i )  but the  A/G value w a s  
s i g n i f i c a n t l y  lower (3.9 vs 5 . 1  x 10 6 p s i ) .  

6 

Anisotropy - Anisotropy r a t i o s  appear i n  Fig.  6. The 
highest  r a t i o s  e x i s t  f o r  the composites incorporat ing the needle 
coke (1CPC and 3CPC) and Ceylon graphi te  (Cy). This behavior 
r e f l e c t s  the highly d i r ec t iona l  p a r t i c l e  shapes of these carbons. 
Microstructural  s tud ies  have shown t h a t  the carbide p a r t i c l e s  
a l s o  show a s t rong tendency t o  a l i g n  perpendicular t o  the  press- 
ing direct ion.  

Lowest anisotropy was exhibi ted by the  V ,  M 2  and SlOR 
composites. 
be considered even more desirable  i n  that the  W/G st rengths  a r e  
about equivalent t o  those for  the CPC and Cy composites, while 
the  A/G st rengths  a r e  s ign i f i can t ly  higher ,  Thus, the  t rend 
toward isotropy i s  gained without s a c r i f i c e  i n  s t rength.  
Furthermore, the  moduli values f o r  V ,  M2 and SlOR (9.9, 8 . 7 ,  
and 8.6 x 10 p s i )  a r e  lower than those f o r  l C P C ,  3CPC and Cy 
(12.0, 1 2 . 1  and 9.7 x 10 p s i ) .  This i s  des i rab le  i n  thermal 
shock considerat ions.  

The more i so t rop ic  behavior of  these composites can 

6 
6 

1 

E l e c t r i c a l  Conductivity - E l e c t r i c a l  conduct ivi ty  data 
are tabulated i n  Table 11, and conduct ivi ty-s t rength re la t ionships  
are shown graphical ly  i n  Fig. 7 .  The data f o r  SlOR and 2Hex 
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appear t o  f i t  the  l i n e a r i t y  previously pointed out f o r  the Cy, 
V ,  M 2 ,  G ,  and T h  composites. The 3CPC, on the  other  hand, i s  
much more conductive and i s  paired with 1CPC. Apparently the 
graphi te  phase i n  CPC composites i s  much more conductive than 
t h a t  formed i n  composites using other  carbon sources. This may 
be due t o  a higher degree of ordering of the  graphi te  phase, 
although it would seem t h a t  t he  composite incorporat ing na tura l  
graphi te  (Cy) should be equally wel l  ordered. X-ray and fu r the r  
metallographic s tud ies  w i l l  be conducted t o  determine i f  t h i s  
i s  indeed the f ac to r .  

Another condi t ion f o r  higher e l e c t r i c a l  conductivity 
could be cont inui ty  i n  the carbide phase; the r e s i s t i v i t y  of 
NbC i s  an order  of magnitude lower than t h a t  of graphi te .  
ever,  microstructural  s tudies  have shown t h a t  such a s k e l e t a l  
network might e x i s t  i n  the V o r  M2 composite but not i n  the 
CPC bodies. A s  the  data i n  Table I1 and Fig.  7 show the elec-  
t r i c a l  conduct ivi ty  f o r  V and M2 a r e  about 1 . 2 5  x 10 mho-cm-I 
as compared t o  1.56 x 10 mho-cm-' f o r  1CPC and 3CPC. 

How- 

2 
4 

E l e c t r i c a l  measurements continue t o  be a good indica-  
t i o n  of bonding within any s ingle  system. Where var ia t ions  i n  
s t r eng th  have exis ted i n  a b i l l e t ,  conduct ivi ty  measurements 
have been a highly sens i t ive  r e f l e c t i o n  of such differences,  
On the other  hand, densi ty  data have been q u i t e  insens i t ive  
t o  such var ia t ions .  

5. High Temperature Measurements: 
Flexural  Strength 

Differences i n  behavior of the  var ious composites 

Flexural  s t rengths  a t  2000" and 
fabr ica ted  using d i f f e r e n t  carbon sources were q u i t e  pronounced 
i n  high temperature tests.  
2500°C are tabulated i n  Tab le  I1 and i l l u s t r a t e d  i n  Figs.  8 and 9. 

I l l  R E S E A R C H  I N S T I T U T E  

-19- 



20 

18 

16 

14 
*rl 
II) a 

rn 
0 12 
rl 

X 

s c) 
U 

Q) 
k 
Y 
v3 

rl 

k 
3 
X 
a, 
rl 
Fr 

2 10 

c a 8  

6 

4 

2 

0 

A 

R o o m  T e m p e r a t u r e ,  "C 2000 2500 

Fig.  8 - FLEXURAL STRENGTH VS TEMPERATURE 
FOR NbC-C COMPOSITES FABRICATED USING 
DIFFERENT CARBON SOURCES (Series I) 

-20- 



a. '. v-- 

' \  '. \ 
\ \  '- \ 

\' \ 
\\ ' 

---- 

Room Temperature "e 2000 2500 

F i g  9 - F'LEXIRAL S'FRENGZH VS TKMPERAT'1'R.E 
FOR NbC-C CWPOSTTES PABRTCATED 
USTNG DIFFERENT CARBON SOURCES 
(Series Id) 



The nine composites have been separated i n t o  t w o  groups: 
(Fig. 8) include those which exhibited an increase i n  s t r eng th  
a t  2OOO"C, and Series  PI (PLg, 9) a r e  those which showed a 
decrease i n  s t rength  with temperature, 

Ser ies  I 

The composites whieh had higher s t rengths  a t  2000°C 
were M 2 ,  ICPC, 3CPC and SlOR. A s  shown i n  F i g ,  8, there  was a 

drop-off i n  s t rength  a t  2500°C. This behavior i s  s imi la r  t o  
that observed f o r  CPC-containing composites i n  e a r l i e r  studies. 
The other  composites a l l  showed decreased s t rengths  a t  the e l e -  
vated temperatures. I n  the 2500°C t e s t s ,  a l l  samples (with 
the  exception of V-W/G) could not be s t r e s sed  t o  f a i l u r e ,  The 
s t r e s s  l eve l s  shown a r e  the highest which these samples could 
sus t a in ;  continuation of t e s t s  r e su l t ed  i n  rapid p l a s t i c  defor- 
mation and subsequent "bottoming" of samples on the  t e s t  boa t ,  

Some of the  possible  reasons f o r  t he  decrease r a the r  than an 
increase i n  s t r eng th  a r e  summarized i n  the  following sec t ions .  

1 

a .  Composites Containing Carbon Instead of Graphite 

The decrease i n  s t rength with temperature i s  eharac- 
teristfe of carbon, For the  Series 11 m t e r i a l s ,  the V ,  G and 
Th composites may s t i l l  contain appreciable carbon, but i t  fs 
unl ike ly  t h a t  such a condition could e x i s t  f o r  Cy o r  2Hex which 
both used graphi tes  a s  raw mater ia ls .  Furthermore, SlOR which 
showed an increase i n  s t rength  with temperature can be classed 
a s  one of the  m o s t  d i f f i c u l t  to graph i t i ze ,  Thus, t h i s  may be 
the: reason for poor high temperature behavior f o r  some ('V, e ,  
and Th) of t he  composites, but it would not be appl icable  f o r  
c y  o r  2Hex. 

b o  Impurit ies Giving R i s e  t o  P l a s t i c  Deformation 

Other inves t iga tors  have reported t h a t  impuri t ies ,  
p a r t i c u l a r l y  i ron ,  have an adverse e f f e c t  on r e s i s t ance  t o  high 
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temperature deformation,‘ 
r e l f ec t ed  i n  lower apparent s t rength.  This may be the reason 
f o r  the poor high temperature behavior of 2Hex s ince the high 
expansion graphi te  was prepared from coke incorporat ing 2% i r o n  
oxide a 

The suscep t ib i l i t y  t o  creep would be 

e .  Degree of Bonding 

It i s  possible  tha t  carbide-graphite bonding may be 
weakened a t  higher temperatures  by thermal expansion differences,  
With poorer bonding, creep by g ra in  boundary s l i p  i s  qu i t e  
possible  ., 

I n  addi t ion  t o  the f ac to r s  described above, condi t ions 
such a s  porosi ty  and s i z e  and shape of pores  would a l s o  inf luence 
s t r eng th  and creep. 
r a w  carbons a r e  now being character ized f o r  t h e i r  morphology a s  
w e l l  a s  pur i ty  by LASL. A s  soon as t h i s  information i s  a v a i l -  
a b l e ,  at tempts w i l l  be made t o  c o r r e l a t e  high temperature behavior 
wi th  impurity l eve l ,  

To analyze the e f f e c t  of impuri t ies ,  our 

A s  pointed out  i n  the E l e c t r i c a l  Conductivity Section, 
x-ray and metallographic s t u d i e s  are being conducted t o  deter-  
mine extent  of graphi t iza t ion  and i t s  r o l e  i n  composite prop- 
e r t i e s .  This may provide some ins ight  i n t o  the above mentioned 
differences i n  behavior of the various composites, 

t u r e s  has been noted i n  previous reports , ’  Anisotropy r a t i o s  
€or  f l exura l  s t rength  data a t  2500°C p lo t ted  i n  Fig.  6 reveal  
t h i s  t rend f o r  the var ious composites, This behavior r e s u l t s  
from a more rapid decl ine i n  W/G s t rength  as compared t o  A / G  
s t r eng th  a t  25OOOC.  For example, the data on F ig*  8 show t h a t  
t h e  2500°C s t rengths  a s  compared t o  room temperature s t rengths  
are  considerably lower i n  the W/G d i r ec t ion  whereas f o r  the A / G  
d i r e c t i o n ,  i t  fs about the  same,, It i s  possible  t h a t  t h i s  i s  

The t rend toward i so t ropic  behavior a t  higher tempera- 
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due t o  grea te r  s t r e s s e s  i n  the A / G  d i rec t ion  a r i s i n g  from the 
hot pressing,  such that  the room temperature A / G  values a r e  
"abnormally" low. 
i n  the higher temperature t e s t s .  

These s t r e s ses ,  of course,  would be rel ieved 

Coeff ic ient  of Thermal Expansion - CTE values f o r  
several  of the composites a re  tabulated i n  Table I1 and repre- 
sented i n  Fig.  10,  Also plot ted i n  Fig.  10 a r e  anisotropy 
r a t i o s  of A/G t o  W/G values ,  I n  general ,  t h e  data  follows the  
d i r ec t iona l  re la t ionships  observed i n  other  proper t ies ,  e.g. ,  
l C P C  which was one of the more anisotropic  composites i n  terms 
of s t rength  exhibi ted a f a i r l y  high CTE r a t i o .  One exception 
was the  Th composite which was observed t o  be very anisotropic .  
This departure from i t s  more i so t ropic  behavior i n  other  prop- 
e r t i e s  i s  shown i n  Fig.  6. Such s t rong d i r ec t iona l  expansion 
differences a r e  usual  f o r  highly or iented graphi te ,  a condi t ion 
which the Th composite does not s a t i s f y .  Additional tests w i l l  
be conducted t o  inves t iga te  t h i s  s t range behavior. 

The S l O R  was the most i so t ropic  i n  behavior. This 
concurs with i t s  other  propert ies  a s  depicted i n  Fig.  6. The 
absolute  values of 8.03 (W/G) and 9.04 (A/G) x in . / in . /"C 
a r e  qu i t e  c lose  t o  the value f o r  pure NbC7 of 8.50 x 
i n  the  range room temperature t o  2500°C. 

in . / in . / "C 

Flexural  Creep - An important considerat ion i n  the 
u t i l i t y  of a s t r u c t u r a l  mater ia l  a t  high temperatures i s  i t s  
r e s i s t ance  t o  p l a s t i c  deformation. I n  order  t o  determine high 
temperature s t r u c t u r a l  i n t eg r i ty ,  the various mater ia ls  were 
subjected t o  f l exura l  creep tes ts  (four-point loading) a t  2000" 
and 2500°C. The s t r e s s  leve l  was s e t  a t  a f a i r l y  high 5000 p s i  
i n  order  t o  exaggerate differences among the  composites. 
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The t o t a l  def lec t ion  observed f o r  these various mate- 
r i a l s  a r e  depicted i n F i g .  11, and the  creep r a t e s  a r e  shown 
graphical ly  i n  Figs.  1 2  (2000°C) and 13 (25OOOC). Under the 
conditions 2000"C/5000 ps i /30  min, the order of r e s i s t ance  t o  
creep i n  the W/G d i r ec t ion  was: SlOR, CPC, M 2 ,  3CPC and V. 
In  the A / G  d i r ec t ion  the  smallest  def lec t ion  was shown by M2 
with s l i g h t l y  higher deformations f o r  SlOR, CPC, V, and 3CPC. 
The other  samples, i . e . ,  Th, G ,  Cy and 2Hex showed r e l a t i v e l y  
high deformation. I n  the A/G d i rec t ion  the s t r e s s  l e v e l  of 
5000 p s i  was t o o  high f o r  Th, G and Cy, s o  a load equivalent 
t o  3000 p s i  was used. Even under these reduced loads,  these 
composites exhibited very large and high r a t e s  of deformation 
i n  the  A / G  d i r ec t ion  and the  experiments were terminated a f t e r  
a de f l ec t ion  of 2 m .  

Deformation, of course, was considerably exaggerated 
i n  the  2500°C s tudies .  A s  the graph i n  Fig.  11 shows, CPC and 
V exhibi ted the  bes t  creep res i s tance  i n  the W/G measurements. 
A t  t h i s  l e v e l ,  M2 d i s p l a y e d  f a i r l y  strong deformation which was 
s i g n i f i c a n t l y  higher than tha t  shown by CPC o r  V. I n  the A / G  
d i r e c t i o n ,  very rapid deformation occurred; t w o  of the t e s t s  
(V and CPC) were terminated before the  30 min duration due t o  
"bottoming" of t he  t e s t  specimen on the  bottom boat. 
the  s t r e s s  l e v e l  i n  A / G  t e s t s  must be reduced, perhaps t o  2000 
o r  3000 s p i ,  i n  order t o  gain meaningful differences between 
the  composites. 

Apparently 

Although the data i s  not shown on the graphs, very 
recent  t e s t s  with SlOR has revealed t h a t  t h i s  mater ia l  shows 
the  bes t  r e s i s t ance  t o  creep. In  the W/G d i r ec t ion ,  deformation 
was .69mm which i s  s l i g h t l y  l e s s  than t h a t  f o r  V (.74mm) o r  CPC 
(.79mm). 
supe r io r i ty  t o  the  other  mater ia ls  tes ted .  The def lec t ions  were: 

It i s  i n  the A/G d i r ec t ion  t h a t  SlOR shows a c l e a r  
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S l O R  - I.I~IMII 
M2 - 3.00mm 
v - 3.18mm (extrapolated) 
CPC - 3.72mm (extrapolated) 

It has been reported that  creep i n  a graphi te  w i l l  be 
smaller a s  the degree of graphi t iza t ion  increases  and a s  the 
g r a i n  s i z e  within the mater ia l  i s  smaller! The l a t t e r  condi t ion 
of smaller g ra in  s i z e  i s  probably s a t i s f i e d  by the S lOR.  
exce l len t  A/G behavior of SlOR may be a t t r i b u t e d  t o  a r a the r  
random p a r t i c l e  o r i en ta t ion  a s  revealed i n  microstructural  
s tud ie s .  There was no ind ica t ion  of s t rong g ra in  alignment per- 
pendicular t o  the pressing d i rec t ion  such a s  that  seen f o r  CPC 
o r  Cy, and t h i s  i so t ropic  nature was observed i n  the  other  prop- 
er t ies  f o r  S1OR. The f i r s t  condi t ion,  i . e . ,  increased degree 
of graphi t iza t ion  leading t o  improved creep res i s tance ,  appears 
t o  be v io la ted  by the behavior of Cy. 
impuri t ies  can be a s ign i f i can t  e f f e c t  on creep behavior, and 
t h i s  may be the reason f o r  the r e l a t i v e l y  high creep seen f o r  

Cy. 
e .g . ,  porosi ty  i t s e l f  can be a f a c t o r  i n  terms of amount, s i z e  
and shape. The complexities involved i n  creep behavior demand 
c a r e f u l  ana lys i s  of severa l  fac tors  i n  order  t o  determine the 
proper t ies  of NbC-C composites which w e  must cont ro l  t o  obtain 
good creep res i s tance .  Additional information i s  now being 
gathered i n  an attempt t o  make these analyses.  

The 

A s  has been reported,  

The f ac to r s  which can influence creep a r e  several  i n  number, 

Our s tud ies  a r e  fu r the r  complicated by the  f a c t  t h a t  
w e  have a two-phase composite. 
the  graphi te  phase appears t o  be a s t rong inf luence on proper t ies ,  
Pure NbC exhib i t s  very l o w  creep a t  2500°C; the higher deforma- 
t i o n s  observed f o r  the NbC-C composites a s  w e l l  a s  the  var ia t ions  
among the  composites indicate  t h a t  the inf luence of NbC i s  l imited.  
Furthermore, the dominance of graphi te  can be observed by com- 
par ing l C P C  (coarse NbC) and 3CPC (f ine h%C). The various 

A t  t h i s  carbide l eve l  of 4 6 . 5  vol%, 
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propert ies  including f lexura l  creep were qu i t e  s imi la r ,  suggest- 
ing t h a t  the  use of a f i n e r  carbide t o  obtain a f i n e r  dispers ion 
has l i t t l e  e f f e c t .  The influence of p a r t i c l e  s i z e  var ia t ions  
f o r  a s ing le  carbon source w i l l  be one of the  s tud ie s  t o  be 
conducted i n  the near fu ture ,  

F lexura l  Creep vs Carbide Content - Tests were a l s o  
conducted a t  2500°C w i t h  NbC-C campsites imorpora t ing  CPC 
and of varying carbide contents.  The r e s u l t s  of these s tudies  
a r e  shown i n  Fig.  13 (creep r a t e )  and Fig. 14 (creep vs carbide 
content) .  I n  Fig.  14, def lect ions a f t e r  the i n i t i a l  loading t o  
5000 p s i ,  a f t e r  the 30 min under load, and a f t e r  removal of load, 
a r e  shown. A peak e x i s t s  a t  the  47 vol% NbC f o r  A a f t e r  i n i t i a l  
load,  showing that t h i s  composition may be considered a s  having 
t h e  lowest modulus a t  2500°C. Deformation a f t e r  the 30 min 
durat ion of the  test  was g rea t e s t  f o r  the 72 vol% NbC composite. 
A s imi l a r  peak w a s  seen t o  e x i s t  i n  compressive deformation 
s tud ie s ,  both a t  I I T R I  and LASL. 1 9 

Pure NbC displayed remarkably good r e s i s t ance  t o  creep. 
This was somewhat unexpected i n  v i e w  of e a r l i e r  experiments i n  
which NbC had shown g rea t e r  def lec t ion  than NbC-C conpos i tes  
incorporat ing 17 ,  52 o r  86 vol% NbC. However, the  s t r e s s  l e v e l  
i n  the  previous s tud ies  was 10,000 p s i  whereas the  present  s tudies  
are  a t  5000 p s i .  Examination of the s t r e s s -de f l ec t ion  curve 
f o r  NbC up t o  10,000 p s i  shows that  the deformation becomes 
q u i t e  r a p i d  above 6000 p s i .  
i s  lower than the s t r e s s  necessary ( c r i t i c a l  resolved shear 
s t r e s s )  f o r  appreciable  deformation i n  pure NbC. 

It would appear then, that  5000 p s i  

Another s ign i f icant  f inding was the A / G  behavior of 
t hese  composites of varying carbide content .  A s  Fig.  14 shows, 
c reep  i n  the  A/G d i rec t ion  for  t he  high carbide content (86 vol% 
NbC) was v i r t u a l l y  the same as  i n  the  W/G d i rec t ion .  This 
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cor re l a t e s  with the t rend toward isotropy with increasing car-  
bide content  discussed i n  our Summary Report. 1 

111. CONCLUSIONS AND FUTURE WORK 

Examination of the high temperature behavior of NbC-C 
composites fabr ica ted  using d i f f e ren t  carbon sources has revealed 
s ign i f i can t  differences not indicated i n  room temperature s tud ie s ,  

'These s tudies  have shown tha t  proper t ies  a r e  g rea t ly  influenced 
by choice of mater ia ls .  F o r  example, s t rongly an iso t ropic  be- 
havior i s  rea l ized  using a needle coke such a s  CPC; i so t rop ic  
behavior i s  obtained through the  use of spherical  p a r t i c l e s  of 
S l O R ,  
causes of high temperature deformation; these s tud ies  should 
revea l  d i rec t ions  f o r  optimum high temperature proper t ies .  
outstanding creep res i s tance  shown by c e r t a i n  composites suggest 

ing f indings are  considered the most s ign i f i can t  f o r  t h i s  
period: 

Data has been obtained which w i l l  a i d  i n  determining 

The 

narrowing of our carbon cources t o  a selected few. J The follow- 

J 1. A t  a carbide content of 46.5 vol%, composites incor- 
porat ing S te r l ing  10R (SlOR) carbon black show the bes t  high 
temperature behavior. L/I ts  res i s tance  t o  f l exura l  deformation, 
p a r t i c u l a r l y  i n  the A / G  d i r e  t i o n  was superior  t o  t h a t  f o r  any 
of t h e  composites tes ted .  The S lOR composite a l s o  exh ib i t s  l o w  

/ 

JF 
anisotropy i n  i t s  propert ies .  d' Of p a r t i c u l a r  s ignif icance,  

-, i s  the  thermal expansion behavior f o r  which the  A / G  
t o  W/G r a t i o  i s  1.13. 

/2. The composites incorporat ing Varcum ( r e s i n  coke), 
M-2 (synthet ic  graphi te)  and CPC (calcined petroleum coke) a l s o  

ma te r i a l s  w i l l  take a secondary r o l e  t o  examination of S lOR.  

d isplayed good high temperature proper t ies .  J Studies of these 
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Future work w i l l  consider c loser  examination of the 
various composites by techniques such as x-ray, metallography, 
and microprobe ana lys i s  i n  attempts t o  determine f ac to r s  lead- 
ing t o  d i f f e r e n t  high temperature behavior. 
w i l l  involve de l ibera te  doping of an  NbC-C composite wi th  
amounts of i r o n  up t o  1% t o  determine the r o l e  of impuri t ies ,  

I n  other  s tud ies  the e f f e c t  of var ia t ions  i n  p a r t i c l e  

One experiment 

s i z e  re la t ionships  between the graphi te  phase ( s ing le  carbon 
source) and NbC (pa r t i c l e  s i ze  = constant)  w i l l  be analyzed. 
I n  addi t ion ,  the  use of dens i f ica t ion  a ids  i n  the TaC-C system 
w i l l  receive study. In  view of i t s  outstanding behavior, S l O R  
s tud ie s  w i l l  be escalated.  
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